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(54) STORAGE MEDIUM SYSTEM USING CONTACTLESS MEMORY CARD 



(57) In a contactless memory card system, a means 
is provided for sending a transmission wait request sig- 
nal to the memory card when yet-to-be-passed received 
data remains in both the serial data receiving circuit and 



received data buffer via an electromagnetic coupling 
interface section, thereby preventing overrun errors 
even when the reading by a microcomputer of 
reader/writer received data is slow. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a non-contact 
memory card system that is configured so as to perform 
sending and receiving of data by means of electromag- 
netic coupling (known also as electromagnetic induc- 
tion), and more specifically to a storage medium system 
that uses a contactless memory card which is config- 
ured so as to perform sending and receiving of data by 
means of electromagnetic coupling (known also as 
electromagnetic induction) via an LC resonant circuit. 

2. Description of Related Art 

In recent years, work on achieving practically usa- 
ble contactless memory cards for as a small, highly reli- 
able storage medium has progressed, resulting in an 
expanded range of applications thereof, as well as a sig- 
nificant increase in their storage capacity. 

Along with the achievement of large storage capac- 
ity, there is a naturally occurring need to transfer data at 
high speed. 

In general, however, it is extremely difficult to 
increase the speed of data transmission when perform- 
ing transmission using an electromagnetic coupling via 
an LC resonant circuit. 

Methods of increasing the transmission speed 
which can be envisioned include such methods as (1) 
simply decreasing the amount of time required to send 
each bit, (2) providing a plurality of LC resonant circuits 
so as to send data in parallel, and (3) employing mul- 
tiphase modulation so as to send a plurality of data bits 
simultaneously. 

The last method (3) requires a plurality of modulator 
and demodulator circuits for multiphase PSK or mul- 
tiphase FSK, making its employment particularly diffi- 
cult in the field of contactless memory card systems, in 
which there is a strong demand for compact, lowcost 
readers and writers. 

A known storage medium system that makes use of 
such a contact less memory card, such as that shown in 
Fig. 8, has a reader/writer-side electromagnetic cou- 
pling interface section 1 and a memory card side elec- 
tromagnetic coupling interface section 10. 

Fig. 8 is the circuit diagram of the communication 
circuit of a contactless memory card system of the past, 
and Fig. 9 is a drawing that shows the main waveforms 
in therein. 

In a storage medium system which uses the con- 
tactless memory card of the past as shown in Fig. 8. a 
printed coil type antenna 2 of the reader/writer-side 
electromagnetic coupling interface 1 and a printed coil 
type antenna 12 of the LC resonant circuit 11 of the 
memory card side electromagnetic coupling interface 
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10 are in opposition to one another when access is per- 
formed, bringing these elements into electromagnetic 
coupling condition so that data can be passed therebe- 
tween. 

5 That is, the antennas 2 and 12 on the reader/writer 

side and card side, respectively, are both used for both 
sending and receiving. 

If the start-stop synchronized serially transmitted 
data BD having a bit time width (time length of 1 bit) of 

10 tb shown in Fig. 9 is sent by the card side to the 
reader/writer side, corresponding to the time when the 
transmitted data BD is 0, at the transmitted signal form- 
ing circuit 15, a transmitted signal TX is formed by a sin- 
gle-shot signal, this signal driving the transmitting 

15 driving transistor 13. 

That is, each time the above-noted transmitted data 
DB is 0, the resonant circuit 1 1 is single-shot driven, 
resulting in electromagnetic induction in the antenna 2 
of the reader/writer-side electromagnetic coupling inter- 

20 face section 1 . 

When this occurs, although the drive is single-shot, 
because of the resonating phenomenon in the resonant 
circuit 11, the current waveform in the antenna 1 2 is a 
freely damped waveform, the induced waveform in the 

25 antenna 2 of the reader/writer-side interface section 1 
also exhibiting a similar freely damped waveform shape. 

The above-noted induced waveform occurring in 
the antenna 2 is input to the receiving demodulation cir- 
cuit 3 at which it is demodulated, the DC component 

30 being first cut from and bias being applied to this signal 
by means of capacitor C1 and resistors R1 and R2, 
thereby becoming the input signal WP which is then 
input to a window comparator 6 (this being the signal 
with respect to which receiving demodulation is per- 

35 formed). 

Therefore, while the waveform of the input signal 
WP is approximately similar to the waveforms (not 
shown in the drawing) that appear in the antennas 12 
and 2, if this input signal WP exceeds the limits of a win- 

40 dow W that is established by the resistors R3, R4, and 
R5, the receiving demodulated signal RD that is the out- 
put of the window comparator 6 is made 0. 

If this receiving demodulated signal RD is at the 0 
level for even one instant during a prescribed sampling 

45 period tc which has as its relative phase reference point 
the detected point TRO of the start bit thereof, at the 
received data processing circuit within the reader/writer, 
the received data during this period is treated as 0. 
If the start-stop synchronized serially transmitted 

so data TD is transmitted from the reader/writer side to the 
card side, when the transmitted data TD bit data is 0, a 
transmission carrier TC of a prescribed frequency is 
input to the transmission driving circuit 5 via the trans- 
mission modulator circuit 4. 

55 That is, the transmission modulator circuit 4 per- 
forms inverted ASK modulation (in which the carrier sig- 
nal is output when the transmitted data is 0) of the 
transmission carrier signal TC in accordance with the 
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transmitted data signal TD, and during the period in 
which the transmitted data TD is 0, the series resonant 
circuit formed by capacitor C2 and the antenna 2 of the 
transmitting driving circuit 5 is driven, the resonant 
waveform RS appearing as a result of induction there- 5 
from in the card-side resonant circuit 1 1 . 

Because this resonant waveform RS is input to the 
detector circuit 14 at which it. is detected, when the 
antenna 2 is driven by the transmission carrier signal 
TC, the received data RX output from the detector cir- 10 
cuit 14 is basically also 0. 

Each prescribed sampling timing TSP of the 
received data RX, which is established using the start 
bit detection point TSO thereof as a phase reference, 
serial received data is captured, one bit at a time. is 

As described above, in a contactless memory card 
system of the past, as shown in Fig. 8 and Fig. 9, receiv- 
ing at the card side is performed via an LC resonant cir- 
cuit, this being effective in simplifying the receiving 
circuit at the card side so as to enable the reception of a 20 
maximum amplitude signal with respect to the signal 
transmitted from the reader/writer. 

Additionally, because noise at frequencies other 
than the resonant frequency of the LC resonant circuit is 
not easily accepted, this has the advantage of sup- 25 
pressing communication errors caused by noise from 
outside the system. 

When transmitting from the card side, using a trans- 
mitted signal that is formed by a single-shot signal so as 
to drive the above-noted resonant circuit for transmitting 30 
is effective in minimizing the amount of electrical power 
required when transmitting from the card. 

However, in spite of the above advantages, 
because of the characteristic free damping in the 
above-noted resonant circuit, the phenomenon of the 35 
lingering of the transmitted signal presents problems in 
terms of both communication reliability and improving 
the speed of transmission. 

Specifically, in the case in which transmission drive 
is done by a single-shot transmitted signal, because of 40 
the free damping in the resonant circuit, there is not suf- 
ficient reduction in the amplitude thereof during the bit 
time width tb of the serial transmitted data BD, this 
resulting in the risk of causing a receiving error at the 
reader/writer side. 45 

For example, as shown in Fig. 9, if we assume the 
case in which a the time TS the bit data is 0 and the 
transmitted signal is output, and in which at the time TE 
the bit data becomes 1 and the transmitted signal is not 
output, if the amplitude when the sampling period tc is 50 
reached with respect to the time TE, because of the lin- 
gering freely damped signal in the resonant circuit (this 
being referred to as reverberation hereinafter), still 
exceeds the window, a communication error will occur 
at this point. 55 

In a communication circuit of such a contactless 
memory card of the past as described above, because 
of reverberation in the LC resonant circuit, there is a 



loss of communication reliability, and in order to improve 
the communication reliability it is necessary to reduce 
the communication speed so that the bit period is long, 
so that the communication period for a bit is started only 
after the reverberation of the previous bit has sufficiently 
settled. 

If the drive power at the transmitting side is merely 
increased to make the communication waveform ampli- 
tude large, the reverberation amplitude also becomes 
large, so that this is clearly not a solution to the problem 
of reliability margin or improvement of transmission 
speed. 

As described above, in the prior art there was a limit 
to increasing the communication speed without sacrific- 
ing communication reliability, and if it were possible to 
achieve high-speed communication, this would lead to 
the microprocessor that controls the reader/writer for 
card access not being able to keep up to the operating 
speed, or losing received data or experiencing overrun 
errors while it was processing emergency interrupts. 

That is, in a contact less memory card system, 
because the number of communication transmission 
paths between a card and a reader/writer is limited to 
the minimum because of limitations such as those on 
space, it is extremely inappropriate to provide, as is 
done in communications relying on direct connections, 
a dedicated signal line for handshaking, this being used 
to make the other device wait for transmission. 

As a result, in a contactless memory card system of 
the past, there was a need to enable the host system 
microcomputer to successively read in data via a 
reader/writer without overrun errors when the card side 
first starts sending data read from memory. 

Therefore, although card reader/writers use a vari- 
ety of microcomputer types, depending upon the appli- 
cation system, some of these microcomputer types 
have slow operating speed, and when use with such 
slow microcomputers is considered, it ultimately 
becomes impossible to increase the speed of transmis- 
sion between a contactless memory card and the 
reader/writer. 

Depending upon the application, during receipt of a 
transmission from the card, there is a possibility of 
receiving an interrupt having a higher priority, and in this 
case if the next data is received before the microcom- 
puter captures data received by the reader/writer, an 
overrun error occurs. 

An object of the present invention is to provide a 
contact less memory card system having a contactless 
memory card and a card reader/writer that perform 
mutual passing of data therebetween via an electro- 
magnetic coupling interface section that includes a coil 
that serves for both transmitting and receiving, this sys- 
tem overcoming the above-noted problems associated 
with the prior art. so that it is possible to increase the 
speed without causing overrun errors even when con- 
nected to a microcomputer having a slow operating 
speed, if the microcomputer side performs processing 
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of an interrupt, leading to the possibility that the capture 
of data from the reader/writer will not be done on time. 

A further object of the present invention is to pro- 
vide a contactless memory card configured so as to per- 
form data transmission by an electromagnetic coupling 5 
via an LC resonant circuit, this solving the above-noted 
problem associated with the prior art attributed to rever- 
beration in the above-noted resonant circuit, enabling 
an increase in the communication speed without sacri- 
ficing communication reliability 10 

SUMMARY OF THE INVENTION 

To achieve the above-noted objects, a storage 
medium system which uses a contactless memory card 15 
according to the present invention has the following 
basic technical configuration. 

Specifically, the first aspect of a storage medium 
system which uses a contactless memory card accord- 
ing to the present invention is a storage medium system 20 
that uses a contactless memory card and a card 
reader/writer that perform the transfer of information 
that is start-stop synchronized serial data via an electro- 
magnetic coupling interface section which include 
respective coils that serve for both transmitting and 25 
receiving, the above-noted reader/writer side being pro- 
vided with a data receiving circuit that receives the 
above-noted data (start-stop synchronized serial data) 
sent from the memory card side via the above-noted 
electromagnetic coupling interface section and converts 30 
this to parallel data, a received data buffer that stores 
already-received parallel data that had been passed by 
the above-noted data receiving circuit, a receiving con- 
trol circuit which, in the condition in which there is 
already-received data remaining in both the above- 35 
noted data receiving circuit and the above-noted 
received data buffer, outputs a transmission wait 
request signal to the memory card, and a transmitting 
modulation circuit which receives the above-noted 
transmission wait request signal and controls the 40 
above-noted electromagnetic coupling interface section 
so as to be in a prescribed transmission modulation 
condition. 

Additionally, the second aspect of a storage 
medium system which uses a contactless memory card 45 
according to the present invention is a storage medium 
system that uses a contactless memory card and a card 
reader/writer that perform the transfer of information 
that is start-stop synchronized serial data via an electro- 
magnetic coupling interface section which include so 
respective coils that serve for both transmitting and 
receiving, the above-noted memory card side being pro- 
vided with a data transmitting circuit that send start-stop 
synchronized serial data to the reader/writer via the 
above-noted electromagnetic coupling interface sec- 55 
tion, a means for detecting, during an interval between 
each transmission of the above-noted start-stop syn- 
chronized serial data, the presence or lack of a trans- 



mission wait request signal sent from the reader/writer 
side, and a transmitting control circuit which, when the 
above-noted detecting means detects the above-noted 
transmission wait request signal, causes the above- 
noted data transmitting circuit to wait before transmitting 
the next data, at least until this transmission wait 
request signal is cleared. 

Additionally, a third aspect of a storage medium 
system which uses a contactless memory card accord- 
ing to the present invention is a storage medium system 
that uses a contactless memory card and a card 
reader/writer that perform the transfer of information 
that is start-stop synchronized serial data via an electro- 
magnetic coupling interface section which includes 
respective coils that serve for both transmitting and 
receiving, the above-noted reader/writer side being pro- 
vided with a data receiving circuit that receives the 
above-noted data (start-stop synchronized serial data) 
sent from the memory card side via the above-noted 
electromagnetic coupling interface section and converts 
this to parallel data, a received data buffer which stores 
already-received parallel data that has been passed by 
the above-noted data receiving circuit, a receiving con- 
trol circuit which, in the condition in which there is 
already-received data that has yet to be passed remain- 
ing in both the above-noted data receiving circuit and 
the above-noted received data buffer, outputs a trans- 
mission wait request signal to the memory card, and a 
transmission modulation circuit which receives the 
above-noted transmission wait request signal and con- 
trols the above-noted electromagnetic coupling section 
as to be in a prescribed transmission modulation condi- 
tion, and the above-noted memory card side being pro- 
vided with a data transmitting circuit that transmits start- 
start synchronized serial data via the electromagnetic 
coupling interface section in prescribed bit units, a 
means for detecting during an interval between each 
transmission of the above-noted start-stop synchro- 
nized serial data, the presence or lack of a transmission 
wait request signal sent from the reader/writer, and a 
transmitting control circuit which, when the above-noted 
detecting means detects the above-noted transmission 
wait request signal, causes the above- noted data trans- 
mitting circuit to wait before transmitting the next data, 
at least until this transmission wait signal is cleared. 

The fourth aspect of a storage medium system 
which uses a contactless memory card according to the 
present invention is a contactless memory card system 
which uses a contactless memory card and a card 
reader/writer that perform the transfer of information 
that is start-stop synchronized serial data via an electro- 
magnetic coupling interface section which includes 
respective coils that serve both for transmitting and 
receiving, the antenna of the electromagnetic coupling 
interface section of the above-noted memory card side 
being an LC resonant circuit, and this memory card side 
being also provided with a transmitted signal forming 
circuit which forms a transmitted signal by means of a 
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single-shot signal in response to the contents of the 
data to be transmitted, a transmission driving circuit 
which drives the above-noted LC resonant circuit in 
response to this transmitted signal, a resonance control 
circuit which is connected in parallel with the LC reso- 5 
nant circuit, and a control signal forming circuit which 
forms a control signal having a prescribed phase rela- 
tionship with respect to the timing of the output of the 
transmitted signal, this control signal controlling a 
switching element that is part of the above-noted reso- 10 
nance control circuit so as to promote attenuation of the 
oscillation in this LC resonant circuit. 

The prescribed bit unit used in the present invention 
is not limited to 8 bits, and can be, for example, 16 bits 
(1 word) as one unit. 15 

Breif Description of the Drawings 

Fig. 1 is a block diagram which shows the configu- 
ration of an embodiment of a contactless memory card 20 
according to the present invention. 

Fig. 2 is a block diagram which shows the configu- 
ration of a reader/writer according to an embodiment of 
the present invention. 

Fig. 3 is a circuit diagram which shows the conf igu- 25 
ration of the communication circuit in a storage medium 
system which uses a contactless memory card accord- 
ing to an embodiment of the present invention. 

Fig. 4 is a waveform diagram which shows the main 
communication waveforms in an embodiment of the 30 
present invention. 

Fig. 5 is a waveform diagram which shows the main 
communication waveforms in an embodiment of the 
present invention. 

Fig. 6 is a waveform diagram which shows the main 35 
communication waveforms in an embodiment of the 
present invention. 

Fig. 7 is a waveform diagram which shows the main 
communication waveforms in an embodiment of the 
present invention. 40 

Fig. 8 is a circuit diagram which shows the configu- 
ration of the communication circuit in a storage medium 
system that uses a contactless memory card of the prior 
art. 

Fig. 9 is a waveform diagram which shows the main 45 
communication waveforms in the prior art. 

Detailed Description of the Preferred Embodiments 

A specific embodiment of a storage medium system so 
that uses a contactless memory card according to the 
present invention is described below, with reference 
being made to the relevant accompanying drawings Fig. 
1 through Fig. 7. 

Specifically, Fig. 1 through Fig. 3 show a specific 55 
example of a storage medium system which uses a con- 
tact less memory card according to the present inven- 
tion, this system being formed by a contactless memory 
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card 50 and a card reader/writer 20 that perform mutual 
start-stop synchronized data transfer via the electro- 
magnetic coupling interface sections 40 and 70, which 
include a combination transmitting/receiving coil. 

The above-noted reader/writer 20 shown in Fig. 2 
has a data receiving circuit 35, which receives data that 
is send from the memory card 50 via the above-noted 
electromagnetic coupling interface sections 40 and 70, 
a received data buffer 31 that converts to parallel data 
and stores the serial data already received in 1-byte 
units from the data receiving circuit 35, and a receiving 
control circuit 32 which, in the condition in which there is 
already-received data remaining in both the above- 
noted data receiving circuit 35 and the above-noted 
received data buffer 31, outputs a transmission wait 
request signal WS to the memory card 50. 

The following is a more detailed description of the 
configuration and operation of a storage medium sys- 
tem that uses the above-noted contactless memory 
card according to the present invention. 

Specifically, in this storage medium system which 
uses the contactless memory card according to the 
present invention, the reader/writer 20 has a data 
receiving circuit 35 which receives start-stop synchro- 
nized serial data sent from the memory card 50 via the 
electromagnetic coupling interface section 40, a 
received data buffer 31 that receives parallel data that 
has already been received in 1-byte units from the 
above-noted data receiving circuit 35, a receiving con- 
trol circuit 32 which, in the condition in which there is 
already received data in both the data receiving circuit 
35 and the received data buffer 31 , outputs a transmis- 
sion wait request signal WS to the memory card side, 
and a transmission modulator circuit 46 which receives 
the above-noted transmission wait request signal WS 
and controls the electromagnetic coupling interface sec- 
tion 40 so as to place it in a prescribed transmission 
modulation condition. 

The above-noted memory card side 50, shown in 
Fig. 3, has a data transmitting circuit 68 which transmits 
start-stop synchronized serial data in 1-byte units via 
the electromagnetic coupling interface section 70, a 
transmission wait request signal detection circuit 64 
which detects the presence or lack of a transmission 
wait request signal WS send from the reader/writer side 
20 via the electromagnetic coupling interface sections 
40 and 70 during an interval between each transmission 
of said start-stop synchronized series data and a trans- 
mission control circuit 63 which once when the pres- 
ence of this transmission wait request signal WS is 
detected by the above-noted detection circuit 64, 
causes the data transmitting circuit 68 to wait to transmit 
the next 1-byte of data, at least until this transmission 
wait request signal WS is cleared. 

Fig. 1 through Fig. 7 show a contactless memory 
card system that is an embodiment of the present inven- 
tion. Fig. 1 and Fig. 2 are simplified block diagrams of 
the contactless memory card and reader/writer, respec- 
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tively, Fig. 3 is a circuit diagram which shows communi- 
cation circuit for the electromagnetic coupling interface 
sections between the reader/writer and the contactless 
memory card. 

Fig. 4 through Fig. 7 are waveform diagrams of the 
main communication waveforms. Because the 
reader/writer 20 which is shown in Fig. 2 is generally 
built within a microcomputer system, this embodiment is 
also configured so that passing of received and trans- 
mitted data is performed in 1 -byte units with respect to 
the microcomputer 33. 

As shown in Fig. 2, in the reader/writer 20, the out- 
put of the oscillator circuit 21 is divided by the frequency 
dividing circuit 22 down to the power supply carrier fre- 
quency, after which it is input to a push-pull configured 
power supply driving circuit 23, so as to series reso- 
nance drive the power supply printed coil type antenna 
24. 

As shown in Fig. 1 , the printed coil type antenna 51 
for the purpose of receiving power on the memory card 
50 side and which is configured so as to be in opposition 
to the antenna 24 when performing access, is con- 
nected to a rectifying circuit 52 and a clock signal form- 
ing circuit 54, the rectified power supply provided by the 
rectifying circuit 52 being regulated by a voltage regula- 
tor circuit 53 and supplied as the VSS power supply to 
various circuits within the memory card 50. 

The clock signal CLK that is regenerated as a sig- 
nal of the above-noted power supply carrier frequency 
at the clock signal forming circuit 54 also is supplied to 
various circuits within the memory card 50. 

Another specific example of a storage medium sys- 
tem that uses a contactless memory card according to 
the present invention is a storage medium system that 
uses the above-noted contactless memory card, in 
which the memory card side 50 is provided with a data 
transmitting circuit 68 which sends serial data in 1 -byte 
units via the electromagnetic coupling interface section 
70 and a transmission wait request signal detection cir- 
cuit 64 which, during an interval between each trans- 
mission of the serial data in 1-byte units, for each 
interval between this transmission, detects the pres- 
ence or absence of a transmission wait request signal 
WS being sent from the reader/writer 20 via the electro- 
magnetic coupling interface sections 40 and 70. 

The configuration of another example of the 
present invention, as shown in Fig. 3, has a communica- 
tion circuit of the contactless memory card system 
which has two sets of electromagnetic coupling inter- 
face sections, wherein at the reader/writer side electro- 
magnetic coupling interface section 40 are provided the 
printed coil type first communication antenna 41 and 
second communication antenna 42. 

The parallel LC type resonant circuit 71 provided in 
an transmission circuit of the contactless memory card 
50 is formed by a printed coil type communication 
antenna 73 and a capacitor 74, this antenna 73 being 
brought into proximity with and opposite to the first com- 



munication antenna 41 of the reader/writer side 20 elec- 
tromagnetic coupling interface section 40 when 
performing access. 

The second resonant circuit 72 of the memory card 

5 side 50 has the same configuration as the first resonant 
circuit 71 , the relationship of this antenna (not shown in 
the drawing) to the communication printed coil 42 within 
the electromagnetic coupling interface section 40 of the 
reader/writer side also being exactly the same. 

10 That is, in the above-noted example of the present 
invention, there can be either one electromagnetic cou- 
pling interface section in the reader/writer 20 and the 
contact less memory card 50 and there can be two or 
more such electromagnetic coupling interface sections 

15 that are independent. 

Additionally, in the above-noted example of the 
present invention, it is preferable that the reader/writer 
20, have a transmission modulator circuit 46 such as 
shown for example in Fig. 3, that, in response to a trans- 

20 mission wait request signal WS, controls the electro- 
magnetic coupling interface section, so as to place it in 
a prescribed transmission modulation condition. 

For example, during the period in which the trans- 
mission wait request signal WS is being output, this 

25 transmission modulator circuit 46 causes the output of 
the carrier signal CS to the electromagnetic coupling 
interface section 40. 

In the above-noted example of the present inven- 
tion, it is also desirable that the memory card side 50 be 

30 provided with a transmission wait request signal detec- 
tion circuit 64 and a transmission control circuit 63, so 
that when the transmission wait request signal is 
detected by this transmission wait request signal detec- 
tion circuit 64, the data transmitting circuit 68 is caused 

35 by the transmission control circuit 63 to wait before 
sending the next 1-byte of data, at least until the trans- 
mission wait request signal is cleared. 

The basic communication operation between the 
reader/writer 20 and the memory card 50 in a storage 

40 medium system which uses the contact less memory 
card of the present invention will be described below, 
with reference being made to Fig. 1 through Fig. 4. 

Specifically, the communication between the 
reader/writer side 20 and the memory card side 50, in 

45 both directions therebetween, is performed by sending 
and receiving one byte at a time, a block of data consist- 
ing of a plurality of bytes, formatted with odd parity, 2 
stop bits, and with the LSB send first. 

In Fig. 4, after sending the last 1-byte data (4ah in 

so hexadecimal) from the reader/writer side 20 to the 
memory card side 50, the first block of the return block 
data (5Bh in hexadecimal) is sent from the memory card 
side 50 to the read er/wr iter side 20. 

That is. in Fig. 4, the condition shown is that in 

55 which there is switching between sending and receiving 
between the reader/writer side 20 and the memory card 
side 50. 

First, the transmission of data from the 
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reader/writer 20 to the memory card 50 will be 
described. 

Each 1 byte of transmitted data TB from the micro- 
computer 33, is first passed to the transmitted data 
buffer register 25, and if the first and second transmis- 5 
sion shift registers 26 and 27 that form the transmission 
circuit 34 are at this point still performing transmission of 
the previous data, the data is held as is in the transmis- 
sion data buffer 25 until the transmission is ended and 
the first and second transmission shift registers 26 and 10 
27 are empty. 

If the first and second transmission shift registers 
26 and 27 are empty, one byte of data to be transmitted 
from within the transmission data buffer register 25 is 
divided into a lower-order 4 bits and an upper-order 4 15 
bits, each of these being set into the first and second 
transmission shift registers 26 and 27, respectively, at 
which these are converted from parallel to serial data, 
these being input as the serial transmission data TD1 
and TD2 to the first and second transmission modulator 20 
circuits 45 and 46 as shown in Fig. 3. 

When the transmission buffer register 25 as noted 
above finishes the passing of transmission data to the 
first and second transmission shift registers 26 and 27, 
the transmission control circuit 28 sets the signal 25 
TXRDY, indicating to the microcomputer 33 that it is 
possible to receive new transmission data. 

That is, in response to the write enable signal WE 
from the microcomputer 33, this is the condition in which 
it is possible to write new transmission data TB into the 30 
transmission buffer register 25. 

The above-noted serial transmission data TD1 and 
TD2 are transmitted by start-stop synchronized trans- 
mission and, as shown in Fig. 4, a start bit is attached to 
the front of the serial transmission data TD1 only, while 35 
a vertical parity bit being attached to the serial transmis- 
sion data TD2 only, so that when these are included the 
configuration is that of 5-bit serial data with a stop bit 
attached. 

When transmitting from the reader/writer side 20, 40 
because the transmission wait request signal WS, to be 
described later, with respect to the memory card side 50 
is maintained in the 0 condition, only when the serial 
transmission data TD1 and TD2 bit data is 0 is the trans- 
mitting carrier signal CS of the prescribed frequency 45 
input respectively to the first and second transmission 
driving circuits 47 and 48, via the first and second trans- 
mission modulator circuits 45 and 46, respectively. 

That is, the first and second transmission modulator 
circuits 45 and 46 modulate the transmission carrier sig- 50 
nal CS with the serial transmission data TD1 and TD2 
using the so-called inverted ASK modulation, the result 
of which is that, during the period in which the serial 
transmission data TD1 and TD2 are 0, the first and sec- 
ond communication antennas 41 and 22 at the 55 
reader/writer 20 side are in the transmission modulated 
condition by means of serial resonance drive, and the 
resonant signal appears also at the first and second res- 



onant circuits 71 and 72 at the memory card 50 side as 
well. 

That is, the first and second electromagnetic cou- 
pling interface signals M1 and M2 shown in Fig. 4 are 
the waveforms which indicate the AC magnetic field in 
the electromagnetic coupling interface section between 
the memory card side 50 and the reader/writer side 20, 
and when a current change occurs at one of the anten- 
nas of the memory card 50 side and of the reader/writer 
20, the resulting AC magnetic field that is generated 
induces a current change in the other antenna, the 
result being that signal waveforms approximately similar 
to the waveforms of the first and second electromag- 
netic coupling interface signals M1 and M2 appear at 
both the memory card 50 side and the reader/writer 20 
side. 

The above-noted resonance waveforms that is 
induced in the first and second resonant circuits 71 and 
72 on the memory card 50 side, as shown in Fig. 3, are 
input to the first and second detection circuits 77 and 
78, so that basically when the first and second commu- 
nication antennas 41 and 42 are driver by the above- 
noted transmission carrier signal CS, the receiving 
modulation signals RX1 and RX2 that are output from 
the detection circuits 77 and 78 are in the 0 condition. 

The receiving modulation signals RX1 and RX2, 
based on a timing function included in the receiving con- 
trol circuit 58 which is shown in Fig. 1, are input one bit 
at a time to the first and second data receiving shift reg- 
isters 59 and 60, each prescribed sampling timing, 
which uses the point at which the start bit of the receiv- 
ing modulation signal RX1 is detected as a phase refer- 
ence point. 

Next, the transmission of data from the memory 
card 50 side to the reader/writer 20 will be described. 

The memory card 50 in this example of the present 
invention includes an internal non-volatile EEP-ROM 
memory 55 so that, for example, in response to a con- 
trol signal from the main control circuit 56, one byte of 
data read out from the non-volatile memory 55 is 
divided into a lower-order 4 bits and an upper-order 4 
bits, these being stored via a data bus 57 in the first and 
second data transmission shift registers 61 and 62 pro- 
vided as a data transmission circuit for the purpose of 
parallel-to-serial conversion. 

As a result, in response to the transmission timing 
signal and the like from the transmission control circuit 
63, from the first shift register 61 the lower-order 4 bits 
of the one byte of data are output as the first serial 
transmission data BD1 in start-stop synchronization 
fashion, and in the same manner the upper-order 4 bits 
of the one byte of data are output as the second serial 
transmission data BD2. 

Additionally, the first and second transmission sig- 
nal forming circuits 83 and 84, in response to the above- 
noted first and second transmission data BD1 and BD2, 
form the transmission data signals TX1 and TX2 by 
means of a single-shot signal. 
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When doing this, when each bit data BD1 and BD2 
is 0, the corresponding transmission signals TX1 and 
TX2 are formed using a single-shot signal, these driving 
the first and second transmission driving transistors 75 
and 76, respectively, within the electromagnetic cou- 5 
pling interface section 70 on the contactless memory 
card 50 side. 

That is, each time the above-noted transmission 
data BD1 and BD2 become 0, the first and second res- 
onant circuits 71 and 72 are single-shot driven, the io 
result of which is that there is a current change caused 
by electromagnetic induction in the first and second 
antennas 41 and 42 also on the reader/writer side elec- 
tromagnetic coupling interlace section 40. 

When this occurs, while the drive is single-shot 15 
drive, because of the resonance phenomenon in the 
resonant circuits 71 and 72, the waveforms of the elec- 
tromagnetic interface signals M1 and M2, respectively, 
are freely damped waveforms that are approximately 
mutually similar. 20 

The signal waveform that is generated by induction 
within the reader/writer 20 at the antenna 41 is input to 
the receiving demodulator circuit 43 at which it is 
demodulated by first having the DC component thereof 
blocked and a bias applied thereto by the capacitor C1 25 
and the resistors R1 and R2. the resulting WP input sig- 
nal being applied to the window comparator 49 (this 
being the received signal that is actually the object of 
the demodulation process). 

Thus, while the input waveform WP is also approxi- 30 
mately similar to the electromagnetic interface signal 
Ml, if this input signal WP exceeds a window width W 
that is established by the resistors R3, R4, and R5, the 
first received demodulated signal RD1 which is the out- 
put of the window comparator 49 is set to the 0 level. 35 

The action of the second antenna 42, receiving 
demodulator circuit 44, and received demodulated sig- 
nal RD2 is exactly the same as the above-described 
case of the first antenna 41, receiving demodulator cir- 
cuit 43, and received demodulated signal RD1 . 40 

The above-noted received demodulated signals 
RD1 and RD2 are input respectively to the first and sec- 
ond receiving shift register 29 and 30, which are pro- 
vided as the data receiving circuit 35 at the reader/writer 
20 side, and each time the receiving of the lower-order 45 
4 bits and an upper-order 4 bits of one byte of received 
data is completed, this is passed as one byte of parallel 
received data to the receiving buffer register 31 . 

When one byte of data is passed to the receiving 
shift register 31 as describe above, a signal RXRDY, 50 
which indicates that it is possible to read in received 
data, is output from the receiving control circuit 32, and 
in response to an output enable signal OE from the 
microcomputer 33, it is possible to read one byte of 
received data RB. 55 

Because the data receiving at the reader/writer 20 
side is basically single-shot reception, if the first and 
second received demodulated signals RD1 and RD2 
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are at the 0 level for even an instant during a prescribed 
sampling period that has as its phase reference point 
the point at which the stop bits, respectively, thereof are 
detected, when reading these into the first and second 
receiving shift registers 29 and 30, the received bits dur- 
ing this period are treated as being 0. 

Fig. 5 and Fig. 6 show the condition in which two 
bytes of data (4Ah and 35h, both hexadecimal) are con- 
tinuously transmitted to the reader/writer side 20 from 
the memory card 50 side. 

Turning first to Fig. 5, the condition shown is that in 
which, at the point at which the transmission of the first 
byte of data shown in the drawing (4Ah) from the mem- 
ory card side 50 is completed and each group of 4 bits 
of data are available and received in the first and sec- 
ond data receiving shift registers 29 and 30 of the 
reader/writer side 20, there exists within the receiving 
buffer register 31 one byte of previously received data 
that has not yet been read by the microcomputer 33. 

In this condition, because the condition is detected 
by the receiving control circuit 32 in which already 
received but not yet passed on data is remaining in both 
the first and second data receiving shift registers 29 and 
30, and the receiving buffer register 31, this receiving 
control circuit 32 outputs a transmission wait request 
signal WS to the memory card side 50, this being input 
to the second transmission modulator circuit 46. 

As a result, a transmission carrier signal CS having 
a prescribed frequency is input to the second transmis- 
sion driving circuit 48 via the second transmission mod- 
ulator circuit 46, the second communication antenna 42 
being placed in the transmission modulation condition 
by means of series resonance drive, and an AC wave- 
form of the same frequency as the transmission carrier 
signal CS appearing in the second electromagnetic 
interface signal M2. 

Additionally, because of induction from the above, 
the resonance waveform that appears in the second 
resonant circuit 72 on the memory card 50 side is 
detected by the second detection circuit 78, so that dur- 
ing the period in which the above-noted transmission 
wait request signal WS is being output from the receiv- 
ing control circuit 32, in the reader/writer side 20, the 
received demodulated signal RX2 output from the sec- 
ond detection circuit 78 on the memory card 50 side is 
in the 0 condition. 

On the memory card 50 side, the receiving control 
circuit 58 and the transmission control circuit 63 are per- 
forming the function controlling the receiving and trans- 
mission timing and of forming the operational timing 
signals, the main control circuit 56 performing overall 
control of communication and control of addressing for 
memory access. 

In the condition described above, in which subse- 
quent data to be transmitted from the memory card 50 
side is remaining, and also in which the transmission of 
one byte of data has been completed and the first stop 
bit period has passed, when the period of the second 
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stop bit is entered, in response to a prescribed timing 
control signal from the transmission control circuit 63, 
the transmission wait request signal detection circuit 64 
checks the received demodulated signal RX2 that is 
output from the above-noted second detection circuit 5 
78. 

At this point, if the received demodulated signal 
RX2 is detected as being 0, the transmission wait 
request signal detection circuit 64 treats this as mean- 
ing that the transmission wait request signal has been 10 
detected as being sent from the reader/writer 20 side 
via the electromagnetic coupling interface section. 

As a result, in accordance with a detection signal 
from the transmission wait request signal detection cir- 
cuit 64, the transmission control circuit 63 causes the 15 
first and second data transmission shift registers 61 and 
62 to wait before sending the next one byte of data. 

Thus, on the memory card 50 side, during each 
interval between transmission of single bytes of serial 
data to the reader/writer 20 side, part of the stop bit 20 
period thereof is utilized to detect the presence or 
absence of the transmission wait request signal WS 
sent from the reader/writer side 20 via the electromag- 
netic coupling interface section. 

Should the transmission wait request signal be 25 
detected at that time, a period of waiting is entered 
before sending the next byte of data. 

In this condition, when the microcomputer 33 exe- 
cutes the reading of data that is held in the receiving 
data buffer register 31, while the RXRDY signal which 30 
indicates the ability to read data and which is output 
from the receiving control circuit disappears at first, the 
already received data in the first and second receiving 
shift registers 29 and 30 is immediately passed to the 
receiving data buffer register 31, at which point the 35 
RXRDY signal output from the receiving control circuit 
32 and which indicates that reading is possible is set, 
this indicating to the microcomputer 33 that it is possible 
to read the next received data. 

As a result of the above action, even if the next byte 40 
of data is transmitted form the memory card 50 side, 
because the reader/writer side 20 does not experience 
an overrun error, the receiving control circuit 32 of the 
reader/writer side 20 stops the output of the transmis- 
sion wait request signal WS. 45 

As a result, the received demodulated signal RX2 
that is output from the second detection circuit 78 at the 
memory card 50 side goes into the 1 condition, so that 
when the transmission wait request signal detection cir- 
cuit 64 detects the cancellation of the transmission wait so 
request signal WS, it removes the transmission wait 
control applied by the receiving control circuit 63, this 
resulting in the start of transmission of next one byte of 
data from the memory card 50 side. 

Thus, if a transmission wait request signal is 55 
detected at the memory card 50 side, a wait is made 
before sending the next byte of data, at least until this 
transmission wait request signal is canceled. 



Fig. 6 shows the condition in which, at the point at 
which the transmission of the first byte of data shown in 
the drawing (4Ah) from the memory card 50 has been 
completed, the receiving buffer register 31 is empty, the 
reading by the microcomputer 33 of the previously 
received one byte of data having already been com- 
pleted. 

That is, in the above-noted condition, the already 
received data in the first and second receiving shift reg- 
isters 29 and 30 is immediately passed to the receiving 
buffer register 31 and the RXRDY signal that indicates 
that it is possible to read data is set from the receiving 
control circuit 32. 

In this case, therefore, there is no unpassed 
received data remaining in the first and second data 
receiving shift registers 29 and 30, so that even if the 
next one byte of data is transmitted from the memory 
card 50, no overrun error occurs, the result being that 
the output of the transmission wait request signal WS to 
the memory card 50 is not made by the receiving control 
circuit 32, the second communication antenna 42 not 
going into the transmission modulation condition. 

In this case, at the timing at which a check is per- 
formed by the transmission wait request signal detec- 
tion circuit 64 of the memory card side 50, because the 
received demodulated signal RX2 is in the 1 condition, 
the transmission control circuit 63 does not cause the 
first and second data transmission shift registers 61 and 
62 to wait before sending the next one byte of data, and 
when the second stop bit period elapses, transmission 
is made immediately. 

In an embodiment of a storage medium system 
which uses a contactless memory card of the present 
invention as described above, the memory card 50 can 
have a configuration that does not include a power sup- 
ply. 

In the above-noted case, the electrical power con- 
sumed within the contactless memory card 50 is 
induced within the contactless memory card side 50 
from the reader/writer side 20 via the electromagnetic 
coupling interface, so that it is necessary to use a sys- 
tem of sending and receiving information that consumes 
as little power as possible. 

For this reason, the transmission of data from a 
contactless memory card side to a reader/writer side 
such as in the present invention uses a single-shot sig- 
nal to send individual bits, one byte of data transmitted 
from the contactless memory card side being divided 
into two groups of data, the phase of the single-shot 
generation for these groups being skewed, thereby 
avoiding the use of a large amount of electrical at one 
time. 

In a storage medium system that uses a contact 
less memory card of the present invention as described 
above, because of the need to minimize the power con- 
sumption, the above-noted single-shot method is 
employed. 

However, this single-shot method is not without its 
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problems. For example, because of the use of a reso- 
nant circuit in the electromagnetic coupling interface 
section, the output waveform exhibits free damping that 
is characteristic of this resonant circuit, so that there is 
a lingering of the tail of the signal when performing com- 
munication, this representing a problem in terms of 
achieving communication reliability and high speed, as 
already discussed with regard to Fig. 8 and Fig. 9, which 
illustrate the prior art. 

With regard to the method of providing a plurality of 
LC resonant circuits and performing parallel transmis- 
sion of data so as to achieve a substantial improvement 
in communication speed, there is a danger that the 
instantaneous electrical power at the card side will not 
be sufficient to drive this plurality of resonant circuits. 

To solve this drawback in the prior art, another 
embodiment of the present invention has the following 
technical constitution. 

Specifically, in this storage medium system that 
uses a contactless memory card and which is formed by 
a contact less memory card and a card reader/writer 
that perform the mutual passing of information via 
respective electromagnetic coupling interface sections 
that include a coil that serves for both transmitting and 
receiving by the start-stop synchronized serial data 
method, the contact less memory card 50 is one that 
uses an electromagnetic coupling to transmit data via 
an LC resonant circuit 71 or 72, this card being provided 
with transmission signal forming circuits 83 and 84 
which form a transmission signal by means of a single- 
shot signal in response to the contents of data to be 
transmitted, transmission driving circuits (transmission 
driving transistor) 75 and 76 which drive the above- 
noted LC resonant circuits, resonance control circuits 
79 and 80 which are connected in parallel with the 
above-noted LC resonant circuits, and control signal 
forming circuits 65 and 66 which form a control signal 
having a prescribed phase relationship with respect to 
the timing of the output of the above-noted transmission 
signal, control being performed by the above-noted con- 
trol signal of a switching element (FET 81) of the reso- 
nance control circuit 79 and a switching element (not 
shown in the drawing) of the transmission control signal 
forming circuit 80, so that the oscillation damping in the 
above-noted LC resonant circuits 71 and 72 is encour- 
aged. 

In this embodiment, it is desirable that the transmis- 
sion signal forming circuits 83 and 84 which form the 
transmission signals using a single-shot signal in 
response to the data to be transmitted, and the trans- 
mission driving transistors 75 and 76 which drive the 
above-noted LC resonant circuits 71 and 72 in response 
to the above-noted transmission signal be provided for 
each of the plurality of LC resonant circuits 71 and 72, 
the above-noted transmission signal forming circuits 83 
and 84 forming the above-noted transmission signals 
having a mutually different timing, so that the drive tim- 
ings of the above-noted transmission driving circuits are 



mutually skewed. 

In the above-noted embodiment of the present 
invention, the contactless memory card, which is config- 
ured so as to perform data transmission using an elec- 
s tromagnetic coupling via the first and the second LC 
resonant circuits 71 and 72, transmission signal forming 
circuits 83 and 84 which form a transmission signal by 
means of a single-shot signal in response to the con- 
tents of data be transmitted, resonance control circuits 
10 79 and 80 which are connected in parallel with the 
above-noted LC resonant circuits, and control signal 
forming circuits 65 and 66 which form a control signal 
having a prescribed phase relationship with respect to 
the timing of the output of the above-noted transmission 

75 signal are provided to both the above-noted first and 
second LC resonant circuits 71 and 72, control being 
performed so that the above-noted transmission signal 
forming circuits 83 and 84 forming the above-noted 
transmission signals with mutually different timing, so as 

20 to skew the drive timing of the above-noted transmis- 
sion driving circuits (transmission driving transistors) 75 
and 76, the above-noted control signal forming circuits 
65 and 66 outputting a control signal with a timing that 
drives at least the other of the LC resonant circuits 71 

25 and 72, this control signal controlling a switching ele- 
ment (FET 81) of the resonance control circuit 79 and a 
switching element (not shown in the drawing) of the 
transmission control signal forming circuit 80 so that the 
oscillation damping in the above-noted LC resonant cir- 

30 cuit is encouraged. 

That is, as is clear from Fig. 3, in this embodiment 
of the present invention, the first and second resonance 
control circuits 79 and 80 are connected respectively to 
the first and second LC resonant circuits 71 and 72. The 

35 first resonance control circuit 79 is substantially imple- 
mented by the FET (field effect transistor) 81 as a 
switching element and the resistor 82, these elements 
being connected in parallel with the first resonant circuit 
71 , the relationship with respect to the second resonant 

40 circuit 72 an the second resonance control circuit 80 
being exactly the same. 

Next, the operation of a storage medium system 
which uses the contactless memory card of this embod- 
iment will be described, with reference being made to 

45 Fig. 7. 

Specifically, with regard to the transmission of data 
from the memory card 50 to the reader/writer 20, the 
memory card 50, as shown in Fig. 1 , includes a built-in 
EEP-ROM non-volatile memory 55, and in response to 

so a control signal from the main control circuit, for exam- 
ple, one byte of data is read by the non-volatile memory 
55, this being divided into a lower-order 4 bits and an 
upper-order 4 bits which are passed respectively to the 
first and second data transmission shift registers 61 and 

55 62, via the data bus 57. 

As a result, in response to a transmission timing 
signal from the transmission control circuit 63, the 
upper-order 4 bits of data of the one byte of data in the 
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above-noted first shift register 61 is output as the first 
serial transmission data BD1 in start-top synchroniza- 
tion, and in the same manner the lower-order 4 bits of 
data from the second shift register 62 are output as the 
second serial transmission data BD2. 5 

Additionally, the first and second transmission sig- 
nal forming circuits 83 and 84, in response to the first 
and second transmission data BD1 and BD2, form the 
transmission signals TX1 and TX2 as single-shot sig- 
nals. As shown in Fig. 7, when each bit of the transmis- 10 
sion data BD1 and BD2 is 0, the transmission signals 
TX1 and TX2 are formed as single-shot signals, thereby 
driving the first and second transmission driving transis- 
tors 75 and 76, respectively, and because the second 
transmission signal TX2 is output with a delay of a bit is 
time period tb with respect to the first transmission sig- 
nal TX1, the simultaneous driving of the first and second 
transmission driving transistors 75 and 76 is avoided. 

That is, while it is difficult to impart to the memory 
card side enough power supply capacity for supplying 20 
the power for the electromagnetic coupling, by having 
the above- noted transmission signal forming circuits 83, 
84 form the transmission signals TX1 and TX2 at differ- 
ent timings, as described above, so that the drive timing 
of the transmission driving transistors 75 and 76 are 25 
mutually skewed, it is possible to prevent the situation in 
which an excessively high instantaneous power con- 
sumption causes a drop in the power supply voltage, 
this resulting in circuit misoperation or the occurrence of 
a communication error. 30 

The first and the second transmission control signal 
forming circuits 65 and 66 form the first and second 
transmission control signals TB1 and TB2, which each 
have a prescribed phase relationship with respect to the 
timing of the output of the first and second transmission 35 
signals TX1 and TX2, these being supplied to the first 
and second resonance control circuits 79 and 80. 

As a result, the current wave form of the first and 
second resonant circuits 71 and 72 are driven in 
response to the transmission signals TX1 and TX2, 40 
after which rather than allowing these to merely be 
freely damped, transmission control signals TB1 and 
TB2 encourage a sudden damping of the transmission 
signals TX1 and TX2, by forming a path over which the 
reverberating energy remaining in the resonant circuits 45 
can escape during the period in which the switching ele- 
ment (FET 81) of the first resonance control circuit 79 
and the switching element (not shown in the drawing) of 
the second resonance control circuit 80 are in the on 
condition, this causing a collapse of the resonance con- so 
dition. 

At the first and second communication antennas 41 
and 42 of the reader/writer side 20, because there is 
induced a voltage that corresponds to the current wave- 
form in the antennas of the first and second resonant 55 
circuits 71 and 72, the received demodulated signals 
WP1 and WP2 (that is, the input signals to the window 
comparator used for receiving demodulation) of the first 



and second receiving demodulator circuits 43 and 44, 
as shown in Fig. 7, are also encouraged to suddenly be 
damped during the time period in which the first and 
second transmission control signals TB1 and TB2 are 
output. 

As a result, as shown in Fig. 7, even in the case, for 
example, in which the bit data at times TS1 and TS2 are 
0 and the transmission signal output is made, and at 
times TE1 and TE2 the data are 1 and the transmission 
signal output is not made, at the point at which the sam- 
pling interval is reached, with respect to the times TE1 
and TE2, because the amplitude of the received 
demodulated signals WP1 and WP2 are encouraged to 
be sufficiently damped there is absolutely no danger 
that the window width W will be exceeded so as to 
cause a communication error. 

However, the first and second transmission control 
signal forming circuits 65 and 66, as shown in Fig. 7, at 
a timing at which the other side's resonant circuit is 
being single-shot driven, minimally form the transmis- 
sion control signals TB1 and TB2, so as to apply control 
to their own side's resonant circuit, the result being that 
it is possible to make effective use of the time, and also 
possible to prevent interference between the antennas 
of the first and second resonant circuits 71 and 72. 

That is, if for example because of space limitations 
the antenna of the first and second resonant circuits 71 
and 72 are placed in relatively close proximity, the sin- 
gle-shot drive of one of the antennas has a possibility of 
imparting interference by means of electromagnetic 
induction into the other antenna, which would result in 
an increased risk of the occurrence of a communication 
error. 

However, by virtue of the above-noted configura- 
tion, at the time of single-shot drive of one antenna, 
because the resonance condition in the other antenna is 
controlled so as to collapse, it is possible to prevent a 
lowering of the communication reliability caused by 
mutual interference between a plurality of resonant cir- 
cuits. 

In the memory card 50, with regard to the pulse 
widths of the transmission signals TX1 and TX2 which 
drive each of the LC resonant circuits 71 and 72, it is 
appropriate to establish the pulse with as being 1/8 of 
the bit time width or smaller, there merely being an 
increase in the consumption of power at a larger width 
than this, with no accompanying effective communica- 
tion signal component. 

That is. it is clear that the size of the effective com- 
munication signal component is directly proportional to 
the instantaneous change of current flowing in the reso- 
nant circuit (value of the derivative of the current), and 
when the pulse widths of the transmission signals TX1 
and TX2 are made large, there is a danger that the cur- 
rent that flows through the parallel-resonant antenna, 
will pass beyond the transient (changing) region so as to 
approach the saturation (steady-state) region. 

With regard to the time widths of the transmission 
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control signals TB1 and TB2, to make effective use of 
control, it is necessary that this be established as 1/4 of 
the bit width or greater, and preferable that the maxi- 
mum not exceed 5/8 thereof, because it is desirable that 
there be a minute time width shift with respect to the tim- 5 
ing of the output of the transmission signals TX1 and 
TX2. 

At the reader/writer 20, a window comparator is 
used for receiving demodulation, the configuration 
being such that the deflection above and below the 10 
amplitude center with respect to the received demodu- 
lated signal is detected. However, it is also possible to 
perform detection by a single-ended comparator that 
detects the deflection in only one direction with respect 
to the amplitude center. 15 

When the bit data of the above-noted serial trans- 
mission data TD1 and TD2 are 0, a transmission carrier 
signal CS having a prescribed frequency is input to the 
first and second transmission driving circuits 47 and 48, 
respectively, via the first and second transmission mod- 20 
ulator circuits 45 and 46. 

That is, the first and second transmission modulator 
circuits 45 and 46 perform so-called inverted ASK of the 
transmission carrier signal CS by means of the serial 
transmission data TD1 and TD2, the first and second 25 
communication antennas 41 and 42 being series driven 
when the serial transmission data TD1 and TD2 are 0, 
this causing induction by which the resonance wave- 
forms RS1 and RS2 appear also in the first and second 
resonant circuits 71 and 72 of at the memory card 50 30 
side. 

The resonance waveforms RS1 and RS2 are each 
input to and detected by the first and second detection 
circuits 77 and 78, and basically when the first and sec- 
ond communication antennas 41 and 42 are driving by 35 
the above-noted transmission carrier signal the 
received demodulated signals RX1 and RX2 that are 
output from the detection circuits 77 and 78 are in the 0 
condition. 

The received demodulated signals RX1 and RX2 40 
are taken into the first and second data receiving shift 
registers 59 and 60 one bit at a time as serial data, for 
each prescribed sampling timing, this having as a phase 
reference point the point at which the start bit of the 
received demodulated signal RX1 is detected, based on 45 
the timing control function included in the receiving con- 
trol circuit 58. 

The first and second receiving shift registers 59 and 
60 are provided as data receiving circuits for the pur- 
pose of serial-to-parallel conversion, the above-noted so 
received demodulated signals RX1 and RX2 being 
taken into these first and second receiving shift regis- 
ters 59 and 60 and, after each completion of division 
thereof into an upper-order 4 bits and a lower-order 4 
bits, these are passed, for example, to the non-volatile 55 
memory 55, via the data bus 57. 

The receiving control circuit 58 and the transmis- 
sion control circuit 63 perform control of the receiving 



and transmission sequence, respectively, and serve to 
form operational timing signals, the main control circuit 
56 performing overall control of the communication 
sequence and control of addressing for memory 
access. 

In the above-described embodiment of the present 
invention, the first and second resonance control cir- 
cuits 79 and 80 is formed by the series connected circuit 
of an FET as a switching element and a resistor, the 
drain electrode of the FET being connected to one end 
of the resistor, and the other end of the resistor being 
connected to the parallel LC resonant circuit, the above- 
noted intervening resistor being provided to prevent 
clamping of the resonant circuit signal to the level of the 
source side of the FET 

Therefore, in the case of using an analog switch 
that does not have a diode action as the switching ele- 
ment of the resonant circuit, it is not necessary to have 
the above-noted resistor. 

Additionally, when using a series circuit formed by 
and FET and a resistor, when the switching element is 
in the on condition, by using the resonance control cir- 
cuit itself as a path for the escape of energy remaining 
in the resonant circuit amplitude damping of the rever- 
beration is encouraged, and it is also possible, in place 
of the FET and resistor, to use a series circuit of an FET 
or the like with a capacitor to form the resonant circuit. 

In the above-noted case, according to the condition 
of the switching element, the capacitance of the capac- 
itor of the resonance control circuit is added to the 
capacitance of the capacitor of the resonant circuit 
itself, or removed therefrom, thereby greatly changing 
the resonant frequency and encouraging the damping 
of the remaining oscillations therein, so that control is 
applied when the switching element is in one of the two 
conditions of on and off. 

In the above-described embodiment of the present 
invention, although an LC resonant circuit is used as the 
resonant circuit, it is also possible to apply the present 
invention to the case in which a series LC resonant cir- 
cuit is used. 

Additionally, in this example of the present inven- 
tion, it is preferable in a memory card that uses a con- 
tactless memory card and which is configured so as to 
perform data transmission via an electromagnetic cou- 
pling using a plurality of the above-noted LC resonant 
circuits, that the transmission signal forming circuit that 
forms the single-shot transmission signal and the trans- 
mission driving circuit that drives the above-noted LC 
resonant circuits in response to the above-noted trans- 
mission signal be provided in each of LC resonant cir- 
cuit of the, plurality thereof, each transmission signal 
forming circuit forming a transmission signal having 
mutually different timing, so that the drive timing of the 
above-noted transmission driving circuits is skewed. 

In the above-noted example of the present inven- 
tion, in a contact! ess memory card that is configured so 
as to perform data transmission via an electromagnetic 
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coupling using a first and a second LC resonant circuit, 
it is possible to provide a transmission signal forming 
circuit that forms a single-shot single in accordance with 
the contents of data to be transmitted, a transmission 
driving circuit that drives the above-noted LC resonant 5 
circuits in response to this transmission signal, a reso- 
nance control circuit that is connected in parallel with 
the above-noted LC resonant circuit, and a control sig- 
nal forming circuit that forms a control signal having a 
prescribed phase with respect to the timing of the output to 
of the above-noted transmission signal at both the first 
and second LC resonant circuits, each of the above- 
noted transmission signal forming circuits forming trans- 
mission signals having mutually different timing, so that 
the drive timings of the transmission driving circuits are 15 
skewed, and the control signal forming circuits mini- 
mally outputting a control signal at the timing of the driv- 
ing of the other side's LC resonant circuit, the above- 
noted control signal controlling the switching element of 
the above-noted resonance control circuit so as to 20 
encourage the damping of the amplitude of oscillations 
in the above-noted LC resonant circuit. 

In the present invention, it is preferable that the LC 
resonant circuit be a parallel resonant circuit, and that 
the pulse width of the transmission signal be 1/8 the 25 
width of the bit time width or smaller, and also that the 
pulse width of the resonance control circuit signal be 
from 1/4 to 5/8 the bit time width. 

The resonance control circuit can use a series cir- 
cuit of an FET switching element and a capacitor, and 30 
this FET can be a bipolar transistor. 

In the present invention configured as described 
above, in the case in which a plurality of data bytes is 
sent from the memory card 50 side to the reader/writer 
20, even if the host microcomputer read-in of data 35 
received at the reader/writer is excessively slow, before 
an overrun error occurs, an automatic wait is made 
before the transmission of the next data from the mem- 
ory card 50. 

As a result, in the present invention even without 40 
adding a special electromagnetic coupling interface for 
the purpose of handshaking, under the premise of using 
the reader/writer in combination with a host microcom- 
puter having a relatively slow operating speed, or use in 
an application in which there is the possibility of inter- 45 
rupt processing being done during the receiving of data 
from the memory card, it is possible to achieve suffi- 
ciently fast communication speed between the 
reader/writer and the memory card. 

Thus, in the present invention, in the case of use in 50 
combination with a microcomputer having a fast operat- 
ing speed as a host, it is possible to make sufficient use 
of high-speed communication, and when used in combi- 
nation with a microcomputer having a slow operating 
speed, or in an application in which interrupt processing 55 
can occur, it is possible to implement a contactless 
memory card system that does not experience overrun 
errors, and to provide a contactless memory card sys- 



tem with different communication speed depending 
upon the type of microcomputer and application to be 
used, and also it is not necessary to provide a large- 
capacity buffer memory for the purpose of temporarily 
reading a large amount of received data within the 
reader/writer. 

In the above-described embodiment of the present 
invention, the electromagnetic coupling interface sec- 
tion is formed by a first and second electromagnetic 
coupling interface section for the purpose of performing 
the dividing and passing of 1 -byte units of data, with the 
first electromagnetic coupling interface section includ- 
ing a stop bit transmission function that operates when 
the start-stop synchronized serial data is sent from the 
reader/writer 20 to the memory card 50, according to 
this configuration, because it is not possible for the sec- 
ond electromagnetic coupling interface section to misin- 
terpret the existence of a transmission wait request 
signal sent from the reader/writer 20 as a start bit of 
serial data from the reader/writer 20, it is possible to 
avoid complexity in the configuration for the purpose of 
controlling the communication sequence and the like. 

In contrast to this, in a configuration in which the 
sending of the start bit and the sending of the transmis- 
sion wait request signal during serial communication 
are performed at one and the same electromagnetic 
coupling interface section, to ensure that there is no 
confusion between the two so as to disturb the commu- 
nication sequence, it is necessary to provide a sequen- 
tial control circuit having sufficiently sophisticated 
functions at both the reader/writer 20 side and the mem- 
ory card 50 side. 

In the present invention, in a period after the nor- 
mally required communication timing, the damping of 
oscillations in the resonant circuit is encouraged, so that 
the adverse effect of extraneous reverberation therein 
on communication is eliminated, the result being that it 
is possible to increase the speed of communication 
without sacrificing the reliability of communication, and 
also possible to improve the reliability of communication 
at a given speed. 

According to the present invention, even in the case 
in which a plurality of resonant circuits are used, it is 
possible to avoid a concentration of electrical power 
consumption when transmitting, so that the danger of 
losing reliability in circuit operation or communication is 
prevented. 

Furthermore, according to the present invention, 
even in the case in which a plurality of resonant circuits 
is used, it is possible while making effective use of time 
to prevent not only the adverse effect of excessive 
remaining reverberation therein on communication, but 
also the adverse effect on communication of mutual 
interference between these resonant circuits, thereby 
enabling an increase in communication speed with 
enhanced reliability and security. 
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Claims 

1 . A storage medium system which uses a contactless 
memory card and a card reader/writer that perform 
transfer of information that is start-stop synchro- 5 
nized serial data via electromagnetic coupling inter- 
face sections which include respective coils that 
serve for both transmitting and receiving, said 
reader/writer comprising: 

10 

a data receiving circuit that receives said data 
sent from the memory card side via said elec- 
tromagnetic coupling interface section and 
converts said data to parallel data; 
a received data buffer that receives and stores is 
already-received parallel data that had been 
passed by said data receiving circuit; 
a receiving control circuit which, in a condition 
in which there is already-received data remain- 
ing in both said data receiving circuit and said 20 
received data buffer, outputs a transmission 
wait request signal to said memory card; and 
a transmitting modulation circuit which receives 
said transmission wait request signal and con- 
trols said electromagnetic coupling interface 25 
section so as to be in a prescribed transmission 
modulation condition. 

2. A storage medium system that uses a contactless 
memory card and a card reader/writer that perform 30 
transfer of information that is start-stop synchro- 
nized serial data via electromagnetic coupling inter- 
face sections which include respective coils that 
serve for both transmitting and receiving, said 
memory card side comprising: 35 

a data transmitting circuit that sends start-stop 
synchronized serial data to said reader/writer 
via said electromagnetic coupling interface 
section; 

means for detecting, during an interval 
between each transmission of said start-stop 
synchronized serial data, the presence or lack 
of a transmission wait request signal sent from 
said reader/writer through said electromag- 
netic coupling interface section; and 
a transmitting control circuit which, when once 
said detecting means detects said transmis- 
sion wait request signal, causes said data 
transmitting circuit to wait to transfer the next 
data to said data transmitting circuit, at least 
until said transmission wait request signal is 
cleared. 

3. A storage medium system that uses a contactless ss 
memory card and a card reader/writer that perform 
transfer of information that is start-stop synchro- 
nized serial data via electromagnetic coupling inter- 



face section which include respective coils that 
serve for both transmitting and receiving, said 
reader/writer side comprising: 

a data receiving circuit that receives said data 
sent from said memory card side via said elec- 
tromagnetic coupling interface section and 
converts said data to parallel data; 
a received data buffer which receives and 
stores already-received parallel data in a pre- 
scribed bit units, that has been passed by said 
data receiving circuit; 

a receiving control circuit which, in a condition 
in which there is already-received data that has 
yet to be passed remaining in both said data 
receiving circuit and said received data buffer, 
outputs a transmission wait request signal to 
said memory card; and 

a transmission modulation circuit which 
receives said transmission wait request signal 
and controls said electromagnetic coupling 
section as to be in a prescribed transmission 
modulation condition, and said memory card 
side comprising: 

a data transmitting circuit that transmits start- 
stop synchronized serial data via said electro- 
magnetic coupling interface section in pre- 
scribed bit units to said reader/writer; 
means for detecting, during an interval 
between each transmission of said start-stop 
synchronized serial data in prescribed bit units, 
the presence or lack of said transmission wait 
request signal sent from said reader/writer 
through said electromagnetic coupling inter- 
face section; and 

a transmitting control circuit which, when once 
said detecting means detects said transmis- 
sion wait request signal, causes said data 
transmitting circuit to wait to transfer the next 



memory card according to claim 4, wherein said 
data receiving circuit on said reader/writer side 
comprises a first data receiving circuit and a sec- 
ond data receiving circuit and wherein said data 
transmitting circuit of said memory card side com- 
prises a first data transmitting circuit and a second 
data transmitting circuit. 



*o data to said data transmitting circuit, at least 

until said transmission wait signal is cleared. 

4. A storage medium system that uses a contactless 
memory card according to claim 3, wherein said 
45 electromagnetic coupling interface section com- 
prises a first electromagnetic coupling interface 
section and a second electromagnetic coupling 
interface section. 

so 5. A storage medium system that uses a contactless 
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6. A storage medium system that uses a contact less 
memory card according to claim 5, wherein said 
data in prescribed bit units is divided into a first data 
group and a second data group, said first and sec- 
ond data groups being separately communicated 5 
via said first and second electromagnetic coupling 
interface sections, respectively. 

7. A storage medium system that uses a contactless 
memory card according to claim 6, wherein said 10 
first data group includes a start bit and a stop bit, 
and said second data group includes a parity bit 
and a stop bit, and further wherein said 
reader/writer side is configured so as to send a 
transmission wait request signal to said memory 15 
card via said second electromagnetic coupling 
interface section. 

8. A storage medium system that uses a contact less 
memory card according to claim 3, wherein said 20 
electromagnetic coupling interface section com- 
prises a first electromagnetic coupling interface 
section and a second electromagnetic coupling 
interface section for the purpose of dividing said 
data with a prescribed bit units into two groups and 25 
transmitting and receiving thereof, and further 
wherein said first electromagnetic coupling inter- 
face section includes a function of sending a start 

bit when start-stop synchronized serial data is 
transmitted from said reader/writer to said memory 30 
card, and wherein said second electromagnetic 
coupling interface section includes a function of 
sending a transmission wait request signal from 
said reader/writer to said memory card. 

35 

9. A storage medium system that uses a contactless 
memory card and a card reader/writer that perform 
transfer of information that is start-stop synchro- 
nized serial data via an electromagnetic coupling 
interface sections which includes respective coils 40 
that serve both for transmitting and receiving, said 
memory card side comprising: 

an antenna of said electromagnetic coupling 
interface section that is an LC resonant circuit; 45 
a transmitted signal forming circuit which forms 
a transmitted signal by means of a single-shot 
signal in response to the contents of said data 
to be transmitted; 

a transmission driving circuit which drives said so 
LC resonant circuit in response to said trans- 
mitted signal; 

a resonance control circuit which is connected 
in parallel with said LC resonant circuit; and 
a control signal forming circuit which forms a 55 
control signal having a prescribed phase rela- 
tionship with respect to the timing of the output 
of said transmitted signal, said control signal 



controlling a switching element that is part of 
said resonance control circuit so as to promote 
attenuation of oscillation in said LC resonant 
circuit. 

10. A storage medium system that uses a contactless 
memory card and a card reader/writer that perform 
transfer of information that is start-stop synchro- 
nized serial data via electromagnetic coupling inter- 
face sections which include respective coils that 
serve both for transmitting and receiving, said elec- 
tromagnetic coupling interface section comprising a 
plurality of electromagnetic coupling interface sec- 
tions, an antenna of each of said plurality of electro- 
magnetic coupling interface sections in said 
memory card side being an LC resonant circuit, and 
said memory card side comprising: 

a transmitted signal forming circuit which forms 
a transmitted signal by means of a single-shot 
signal in response to the contents of said data 
to be transmitted and 

a transmission driving circuit which drives said 
LC resonant circuit in response to said trans- 
mitted signal, said transmitted signal forming 
circuit and said transmission driving circuit 
being provide for each LC resonant circuit of 
said plurality of LC resonant circuits, 
and wherein each transmitted signal forming 
circuit forms said transmitted signals with 
mutually different timing, so that the timings of 
the driving of each said transmission driving 
circuit are mutually skewed. 

11. A storage medium system that uses a contactless 
memory card and a card reader/writer that perform 
transfer of information that is start-stop synchro- 
nized serial data via an electromagnetic coupling 
interface sections which includes respective coils 
that serve both for transmitting and receiving, said 
electromagnetic coupling interface section compris- 
ing a first electromagnetic coupling interface sec- 
tion and a second electromagnetic coupling 
interface section, wherein at said memory card side 
an antenna of each of said first and second electro- 
magnetic coupling interface sections is an LC reso- 
nant circuit in said memory card side, and further 
wherein said memory card side comprising: 

a transmitted signal forming circuit which forms 
a transmitted signal by means of a single-shot 
signal in response to the contents of said data 
to be transmitted; 

a transmission driving circuit which drives said 
LC resonant circuit in response to said trans- 
mitted signal; 

a resonance control circuit which is connected 
in parallel to said LC resonant circuit; and 
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a control signal forming circuit which forms a 
control signal having a prescribed phase rela- 
tionship with respect to the timing of the output 
of said transmitted signal, 

said transmitted signal forming circuit, said 5 
transmission driving circuit, said resonance 
control circuit, and said transmission circuit 
being provided for both said first and second 
LC resonant circuits, so that each of the data 
transmitted signal forming circuit forming said 10 
transmission signal with a different timing from 
each other whereby the drive timing of each 
transmission driving circuit is mutually skewed, 
each of said control signal forming circuit mini- 
mally outputting a control signal with a timing at 15 
least when the other side's LC resonant circuit 
is driven, said control signal controlling a 
switching element of said resonance control 
circuit so that attenuation of oscillations in said 
LC resonant circuit is promoted. 20 

12. A storage medium system that uses a contactless 
memory card according to claim 1 1 , wherein said 
resonance control circuit is formed by a series cir- 
cuit of an FET provided as a switching element and 25 
a resistance. 

13. A storage medium system that uses a contact less 
memory card according to claim 1 1 . wherein said 

LC resonant circuit is a parallel resonant circuit, and 30 
wherein the transmitted signal pulse width is 1/8 of 
a bit time width or less and further wherein the res- 
onance control signal pulse width is between 1/4 
and 5/8 of the bit time width. 
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